Introduction
============

Oral squamous cell carcinoma (OSCC) is the eighth most prevalent malignant neoplasm worldwide, and mortality rates are high in the majority of countries, with an overall five-year survival rate of \<50% ([@b1-ol-09-02-0667]). OSCCs are usually diagnosed at an advanced stage; however, invasive diseases are often preceded by the presence of clinically identifiable potentially malignant lesions, including leukoplakias, erythroplakias and oral submucous fibrosis ([@b2-ol-09-02-0667]). Although the presence and severity of epithelial dysplasia has been associated with transformation into carcinoma, the mechanisms of progression are poorly understood, and the transformation rates are extremely variable ([@b2-ol-09-02-0667],[@b3-ol-09-02-0667]).

Previous studies have indicated that specific alterations in the underlying connective tissue are associated with tumor development and progression ([@b4-ol-09-02-0667],[@b5-ol-09-02-0667]). Tumor and stromal cells exchange cytokines, extracellular matrix proteins and enzymes that promote growth directly via stimulation of proliferation and survival, as well as invasion via local proteolysis of the extracellular matrix ([@b6-ol-09-02-0667]--[@b8-ol-09-02-0667]). Notably, previously, an increased density of myofibroblasts, also termed carcinoma-associated fibroblasts, in the stroma of OSCCs was found to correlate with lymph node metastasis and higher mortality ([@b9-ol-09-02-0667]--[@b12-ol-09-02-0667]). However, only a small number of studies have assessed the involvement of the subjadjacent connective tissue, particularly of myofibroblasts, on malignant transformation of potentially malignant oral lesions. In the present study, the density of myofibroblasts in potentially malignant and malignant lesions of the oral cavity was investigated to provide novel insights with regard to the involvement of myofibroblast cells in the development of OSCCs.

Material and methods
====================

Tissue samples
--------------

This study included 29 cases of oral fibrous hyperplasia, 69 oral leukoplakias (of which 24 cases were histologically classified as mild epithelial dysplasia, 26 as moderate dysplasia and 19 as severe dysplasia), 90 OSCCs (35 well-differentiated, 39 moderately differentiated and 16 poorly differentiated) and eight oral verrucous carcinomas. All samples were obtained from patients aged \>45 years. Samples were obtained from the Department of Oral Diagnosis, School of Dentistry, State University of Campinas (Piracicaba, Brazil), and new sections were cut from the paraffin blocks and stained with hematoxylin and eosin. Oral epithelial dysplasias and OSCCs were classified according to the World Health Organization grading system ([@b13-ol-09-02-0667]). This study was approved by the ethics committee of the School of Dentistry, State University of Campinas.

Immunohistochemistry
--------------------

Immunohistochemical staining was performed on 3-μm tissue sections using the avidin-biotin-peroxidase complex method. Briefly, sections were deparaffinized and dehydrated using a graded series of ethanol. Sections were then subjected to antigen retrieval with 0.01 M citrate buffer, pH 6.0 in an electric pressure cooker and incubated with 3% aqueous hydrogen peroxide for 15 min to quench endogenous peroxidase. Next, the sections were incubated with monoclonal mouse anti-human α-smooth muscle actin (α-SMA) antibody (1:400; Clone 1A4; Dako, Carpenteria, CA, USA), followed by the LSAB detection system (Dako). Reactions were developed by incubating the sections with 0.6 mg/ml 3,3′-diaminobenzidine tetrahydrochloride (Sigma-Aldrich, St. Louis, MO, USA) containing 0.01% H~2~O~2~ and counterstained with Mayer's hematoxylin (Sigma-Aldrich). The exclusion of the primary antibody served as the negative control, whereas normal blood vessels were used as internal positive controls. The density of myofibroblasts was classified as negative, scanty or abundant as described by Kellermann *et al* ([@b9-ol-09-02-0667]), where tumors with 0% α-SMA-positive cells were classified as negative, if \>1--\<50% of the stromal myofibroblasts were α-SMA-positive tumors were classified as scanty, and abundant if \>50% of the stromal cells were α-SMA-positive cells.

Statistical analysis
--------------------

Differences in the density of myofibroblasts between groups were analyzed using cross-tabulation and χ^2^ tests, and P\<0.05 was considered to indicate a statistically significant difference (GraphPad Prism software, version 5.0; GraphPad Software, Inc., La Jolla, CA, USA.).

Results
=======

The density of myofibroblasts in the different oral lesions is shown in [Table I](#tI-ol-09-02-0667){ref-type="table"}. Myofibroblasts were not detected in oral fibrous hyperplasias or any of the 69 oral leukoplakias. Oral cancers exhibited positivity for myofibroblasts in 59.8% of the samples ([Fig. 1](#f1-ol-09-02-0667){ref-type="fig"}). In well-differentiated OSCCs, the presence of myofibroblasts was classified as negative in 17 (48.6%) cases, scanty in 13 (37.1%) and abundant in five (14.3%). In moderately differentiated OSCCs nine (23.1%) cases were negative, 17 (43.6%) scanty and 13 (33.3%) abundant; whereas in poorly differentiated OSCCs, three (18.8%) cases were classified as negative, four (25.0%) as scanty and nine (56.2%) as abundant ([Table I](#tI-ol-09-02-0667){ref-type="table"}). In the samples of oral verrucous carcinomas, the presence of myofibroblasts was classified as negative in all cases ([Table I](#tI-ol-09-02-0667){ref-type="table"}). According to the histopathological differentiation, the density of myofibroblasts was significantly higher in moderately differentiated and poorly differentiated OSCCs, when compared with well-differentiated OSCCs (P=0.0402 and P=0.007, respectively). No significant differences were observed between moderately and poorly differentiated OSCCs (P=0.271).

Discussion
==========

Although a number of studies have indicated that the stroma is important in the development and progression of malignant tumors, the specific mechanisms associated with its activation and effects on regulation of the tumorigenesis remain unclear ([@b4-ol-09-02-0667]). One of the most evident processes in tumor stroma is the acquisition of myofibroblasts. The transdifferentiation and emergence of myofibroblasts has been considered a crucial event in tumorigenesis, and is mediated by growth factors and cytokines released by tumor cells ([@b10-ol-09-02-0667],[@b12-ol-09-02-0667],[@b14-ol-09-02-0667],[@b15-ol-09-02-0667]). Myofibroblasts were originally identified in granulation tissues as modified fibroblasts with prominent rough endoplasmic reticulum and Golgi apparatus producing collagen, abundant myofilaments characterized by the presence of α-smooth muscle actin and fibronexus junctions ([@b16-ol-09-02-0667]). Later, it was shown that myofibroblasts may control a number of physiological and pathological events via the secretion of an extensive range of cytokines, growth factors, chemokines, hormones, neurotransmitters, inflammatory mediators, adhesion proteins and extracellular matrix proteins ([@b7-ol-09-02-0667],[@b17-ol-09-02-0667]). Numerous studies have detected myofibroblasts in oral cancers ([@b9-ol-09-02-0667]--[@b12-ol-09-02-0667],[@b18-ol-09-02-0667]--[@b26-ol-09-02-0667]); however, few studies have evaluated myofibroblasts in potentially malignant oral lesions ([@b9-ol-09-02-0667],[@b20-ol-09-02-0667],[@b21-ol-09-02-0667],[@b24-ol-09-02-0667]--[@b26-ol-09-02-0667]) and in oral verrucous carcinomas ([@b25-ol-09-02-0667]).

In the present study, myofibroblasts were not found in oral fibrous hyperplasias or any of the 69 potentially malignant oral lesions. Previous studies did not identify myofibroblasts in oral normal mucosa or oral leukoplakias with dysplasia, which highlights the importance of the molecular crosstalk between stromal elements and tumor cells during invasion of the connective tissue for the emergence of myofibroblasts ([@b9-ol-09-02-0667],[@b21-ol-09-02-0667],[@b26-ol-09-02-0667]). However, a small number of studies identified myofibroblasts in oral dysplasias ([@b20-ol-09-02-0667],[@b24-ol-09-02-0667],[@b25-ol-09-02-0667]). Vered *et al* ([@b20-ol-09-02-0667]) analyzed 11 samples classified as mild dysplasia and 12 as moderate/severe dysplasia by directly counting α-SMA-stained cells, and identified sparse stromal myofibroblasts in the premalignant lesions with a mean percentage of \~1%, although the number of positive samples was not reported. Seifi *et al* ([@b24-ol-09-02-0667]) used the same scoring system that was applied in the present study and identified myofibroblasts in 4/18 (22.2%) epithelial dysplasia samples; however, this study did not grade the epithelial dysplasias. Chaudhary *et al* ([@b25-ol-09-02-0667]) reported that 7/15 (46.6%) cases of high-risk epithelial dysplasia (moderate and severe) exhibited myofibroblasts in various intensities, whereas all low risk dysplasias (hyperplasia and mild) were negative for myofibroblasts. However, in all three studies ([@b20-ol-09-02-0667],[@b24-ol-09-02-0667],[@b25-ol-09-02-0667]) the immunohistochemical images provided by the authors were not sufficient to distinguish smooth muscle cells from blood vessels of myofibroblasts or stromal reaction due to superficially invasive OSCC. The present study, which had the largest sample size when compared with previous studies, indicated that myofibroblasts are not associated with the transformation process of potentially malignant lesions of the oral cavity.

The present study also demonstrated that myofibroblasts were frequently identified in the stroma of invasive OSCCs. However, myofibroblasts were not detected in oral verrucous carcinoma, which is consistent with the hypothesis that oral verrucous carcinoma is a form of well-differentiated squamous cell carcinoma with specific clinical and histological features, including slow growth and no invasive potential, which is unlikely to metastasize ([@b31-ol-09-02-0667]). This reinforces the hypothesis that interactions between tumor cells and tumor microenvironment are important for oral carcinogenesis. Myofibroblasts in OSCCs may exert an active role in disease progression via autocrine effects on tumor stroma and paracrine effects on malignant epithelial cells through tumor-stromal interactions ([@b10-ol-09-02-0667],[@b27-ol-09-02-0667]--[@b29-ol-09-02-0667]). The neoplastic changes that occur in the epithelium are followed by changes in the stroma surrounding tumor cells, which promote the differentiation of fibroblasts into myofibroblasts ([@b30-ol-09-02-0667]). Furthermore, a previous study demonstrated that transforming growth factor-β1, which is released by OSCC cells, was responsible for oral fibroblast to myofibroblast transdifferentiation in an experimental model ([@b10-ol-09-02-0667]). The presence of myofibroblasts was significantly higher in moderately and poorly differentiated OSCCs when compared with that of well-differentiated OSCCs. These results may indicate that the loss of cellular differentiation affects the number of myofibroblasts in the tumor stroma ([@b22-ol-09-02-0667],[@b25-ol-09-02-0667]).

In conclusion, the results of this study indicated that myofibroblasts are not associated with potentially malignant oral lesions; however, moderately and poorly differentiated OSCCs exhibited a higher density of myofibroblasts when compared with well-differentiated tumors. The prognostic value of tumor differentiation in OSCC is unclear and, thus, further studies with larger patient cohorts are required to confirm the association between increased myofibroblast density, loss of differentiation and the biological behavior of tumors.
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![Histopathological features and detection of myofibroblasts in representative samples of OSCC. Histopathological features of (A) well-differentiated OSCC showing large nests of hyperchromatic cells with keratin pearls and (B) poorly differentiated OSCC, characterized by lack of cell keratinization, intense nuclear pleomorphism and features of atypical mitosis. (C) Immunohistochemical detection of myofibroblasts in the well-differentiated OSCC, in which the scanty presence of myofibroblasts surrounding the tumor nests was observed. (D) Abundant expression of myofibroblasts in poorly differentiated OSCC (stain, hematoxylin and eosin; magnification, ×100).](OL-09-02-0667-g00){#f1-ol-09-02-0667}

###### 

Density of myofibroblasts in fibrous hyperplasias, potentially malignant oral lesions (leukoplakias with histologically confirmed dysplasia), OSCCs and oral verrucous carcinomas.

                                                                                                                        Density of myofibroblast               
  --------------------------------------------------------------------------------------------------------------------- -------------------------- ----------- -----------
  Fibrous hyperplasia                                                                                                   29 (100)                   0 (0)       0 (0)
  Leukoplakia with mild dysplasia                                                                                       24 (100)                   0 (0)       0 (0)
  Leukoplakia with moderate dysplasia                                                                                   26 (100)                   0 (0)       0 (0)
  Leukoplakia with severe dysplasia                                                                                     19 (100)                   0 (0)       0 (0)
  Well-differentiated OSCC[a](#tfn1-ol-09-02-0667){ref-type="table-fn"},[b](#tfn2-ol-09-02-0667){ref-type="table-fn"}   17 (48.6)                  13 (37.1)   5 (14.3)
  Moderately differentiated OSCC[c](#tfn3-ol-09-02-0667){ref-type="table-fn"}                                           9 (23.1)                   17 (43.6)   13 (33.3)
  Poorly differentiated OSCC                                                                                            3 (18.8)                   4 (25.0)    9 (56.2)
  Oral verrucous carcinoma                                                                                              8 (100)                    0 (0)       0 (0)

P=0.042, negative, scanty and abundant percentage of myofibroblasts in well-differentiated OSCC compared with moderately differentiated OSCC;

P=0.007, negative, scanty and abundant percentage of myofibroblasts in well-differentiated OSCC compared with poorly differentiated OSCC;

P=0.271, negative, scanty and abundant in moderately differentiated OSCC compared with poorly differentiated OSCC.

OSCC, oral squamous cell carcinoma.
